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(57) Abstract: A multilayer solar cell (200) comprising foiir kinds of solar cell modules (90, 100, 70, 60) having different sensitivity 
wavelength bands and laid integrally in layers by incorporating four solar cell modules such that a module having a shorter central 
wavelength in the sensitivity wavelength band is located closer to the solar beam incident side. Three kinds of solar cell modules (90, 



in 



100, 70) are constituted, respectively, of cell group modules including a plurality of spherical solar cells (30, 40, 10) arranged in a 
plurality of rows and colimms and the solar cell module (60) in the lowermost layer is constituted of a planar light receiving module. 
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CI, CM, OA, ON, GQ, GW, ML, MR, NE, SN, TD, TG). 
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mx^^-DX. {}^rj:< imm(Dxmnm'Ez^=L-)vtvxm^o:>m'^<D'j-y 

10 

^m^o^x^'^ hMt. m±xmoo nmHmi^}d-'^\z^m^^m^^y^m 
i^m^m^^-oxi^^^o z.(Dj:^ti:±myt^^^L'. ^m^<mm.x.^ju^-iz 

15 ffl-r^^x^^ hjpi^mmsi^n. ^mm^(Dmmm^t^zmm^$>^o -^or^^. 
±myt(D:A^^ hj\^^mwi(Dmm^^^mz^mh. ^n'etKDmm^m^mm 

\z^:)}m^<ytm^m:X^^m^mm(Dxmnm=e:i^'^-)\y (x\t. -mm±mnm. 

20 iUvxy6nm^'r^mm(D±mmmf)mm^tixi^^^o 

z-n^xmrn-^nx^Tcm^oxmnrnt. :k(Dt^K)x$)^o 

(a) ^m'oy 4 )\^^-2.y-^mvxi^m<DmM^mizmi\i^. ^n^n(Dm 
mmM^m\zmiyr:im.mmm<DmiL(D±mmm'Ei^:^-)v^^yt^±\zMmi^rz. 

' X\^M'M. Z.ni't. N. S.AIvi, C.E.Bakus and G.W.Madesen, " Potentail For 
25 Increasing the Efficiency of Photovoltaic Systems by Using Multiples 
CellConcept " ,Conf. Proc.l2th IEEE Photovoltaic Specialist Conference 
957 (1976) {::t3«fe$nTVi^o 
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±$E<D (b) t (c) it. A.W.Bett, F.Dimroth, G. Stol Iwerck, O.V.SuIima 
III -VCompounds For Solar Cell Applications" Appl.Phys.A69, 119-129 
(1999) fCf3*^$nTVi-2)o 

±gB(D (a) ~ (c) (Di^^rtih. mmmi^mm.m^mi^^^mm±mnmu. 
¥m^^(D^m^^x/\^rcit^^m^mizpnm'^m^^nxl^^. mm (a) o 

mm (b) (D^mmm^t. ~'^(D&m±izmmmmm^^^m^t(Dmmm^^m 

mm (c) <D±mnm^t. (b) <Di:i^m?ic^j:-5fci:rig^^;5±co$ijr^5&^ycj:< 
fcR^^&t, ±mytxmm<Dmm±mmm\z\t. ^(D^m±mnmx'^!^Lf£i^^^& 

m'^omm^^^ommmm. ^mxmmmm±(DjiLm'rnizj:K)mmtj:^ytmm 
fjm'piy-^'tKfj^^tiy^^Xf^m^^o ^fc. (b) (D±mnm<Dm'^tm-m. 
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m^^mmm■^^^l^^fc!^. ±m(Dj:3^zmmmm^miz:i5if^'=^'L^f&m7!}m^^:^ 
mmm'ez^=L-)n^^±myt<Dxminz^mr^^v izmmr^ z. tx. ^±m 
mm'Ei^a.-jioyt^^mnm^M^^^ tf)^x^^. 
^MfccD mm-k V - ^ -fe ^ A;/c-t -j=L-)ix\-t. mm co v - 
15 ^^)i^mmmmt^\Bimz:^n^mmmm^tmmm^^m^^^tx. 

a.—ji(Dttit}mm^^x^^tizj:rf. m^mm(D±mmm'Ez/'^~)i'(Dmt}n 
m^mx^ <UD. x^^mm.<Dytm^m:)}m^m^^jixm^\x$>^o 

20 m^(Dv-^±)i'(Dmm^mz^^z.t^z<kK>. ±)m'ei>=i.-Mzm-f^pn 

m-^(D-^mmm^^^<L'X. ytm^m^m^m^^z.t'^tnjmx^)^. ^r^. 

-^^)uzxm-r^xmm^v> nm'^^z2mmmt^m^^^m^f)^B. ytn^m 

25 v\zm}^x^^(DX\ t^nMm^)}m^n^^±x^mx^^o ^tz. mmx^m 
L'Tzmm^^^xxmcD'j'-^^Mzxm'r^z.tfji-^mttjir)^ ^^tvx 
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3 ) mm't)m'e>'=L-Mz:^n^mmfmmiizmm-^nrcv-y'^Mt. 
10 n:^i^x\tyw\^^zmxsxm^^miii^nrco - }^m^^L-xmm.mzmm-^n 

6) tufB#-fe;i^^^v'3.";i-^^, ^m±izmmym^mzmm-^timu^(Dm 

20 7) mmw-m^yt'Ez^:^-Mt. m.mcD^jm'eP:^-)]^<DTm\ziiLm'r^^ 
oizmymizmm^n. :i(D^m^yt'^z^=L-)\^(D-r^^x\tTmMizi^myt^K 

8) ±myt(DXM:ij\^\z^^ir^mhXMm\z;^^:kmnm.^z^=L-)i&.^<Dm 
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12) 11) (Z)ff^(DSi)IB¥®g7te^>'rL-;l/«, nmi nF^mi^MU±izm 

15 ^l~m3o-^z:;^ffi^^>'rL-;l/^WI^^ 

m 3 (D't:;i/P^i^a.-;i/^A{t^«4»t<^G e 
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mi (a) ~ (g) ^iJt^^os i v-^-fe.Ji'^asifi-r^mmxsic^Btt^s i 

l2l4J^GaA 1 As/GaAs y-^iz;i/miitt-^IS^X@lCcfe^-t^GaAs# 

$>^o mTUmsOVU -YU mWrmmT$)^o las^I nGaAs,/ I nP^ 

m 1 0 «G a A s p ./ G a PTOSt^^v'^— >'K^^®SlT^§o 01 1 

10 1 0(DXI-XI>|.tir®li]Tfe^o 01 2^^miF!l©IS®M:*:I^«^ttL(D«ll!i:fe§o 

Ell 3 1 2 <Dmmmxmn,m<Dmmm'v$>^o mi 4 it^m^mBMJ^^-ji^ 

$>^o mi 5wmim(D±mnmiz^n^AmtKmt^'um^mmT^mmm 

15 um^m'v^^o 

mi 7\tm2m<D±mn^(DmMm'v$>^o mi 8\-im2m(D±mnm(Dmm 

0 2 0 mmmm\zm^mmm±mnm(D^wv^^o 0 2 1 (^0 2 0 cd;*: 
20 mnMo^mmm-c^^o 

\zmm\^tcnnm(D±\^n:m\z'D\^xmm'r^o 
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10 z.(DW^(Dv-'7^)v^m.m.-r^M^\z. i^mtm(DU7.^o>fi-<-^^^\z. 
^\z^\,^xmML'tz.■13mt:mm't^z.t.•t)^x^^o mm'^mo^mw<Dm 

i)tB^mmzimi% ^\z^\^'xm^\^fc■15m^mmx^^. z.(D:^m^zm^x. 
20 s^m^mn^^^MT^^zmBtmuizmm-^-^^^t^z^Ki^ m^^x^trnto 

fefeoTfeD, i^^M^c:J^;;CT^®?l^p nj^'&^T^^v'^-;!/ (¥®^7t^:>':x- 
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5 Ell (a) ~ (g) }t. ±m^7.^i^hJl(D^t>(D^mmmm (l^5 0 0~ll 

0 0 nm) (Dmmm^^i^^m-DX^mm'ei^^zL-Mzn^^tss i y-^-fe;i/ 
x$>^x. imfmt<D>'V=i> (s i) m'^mi i ^^i^tvxmi'^-^n^m^ 

10 mi (a) lc^Tm^Opfl^>-'Jn>mig^l l^Mf^t-^ii-^. 

15 p?i^>-ur]>#^s^i i(^^^Bi5^H^, mmomm^mizmm^n^hcDx^ 

mzmi (e) i<z^ir^o\z. 01 (d) o^-^jnyW^^i l^Mmvx 
nm'^m^tVX^jy (P) XJmm (As) ^mmt^ct\zj;:rfnmw^wi.m 

25 s^^f^r^o :i(Dnm^m^<Dmm(Dm\zm^^s imitmi e^mf^-^ 
Mo mmm 1 2 ,h^(D7fi{#(c^ip?i^s i 1 1 o^M/^^^&Mji 1 4xm.t> 
nrizm-Dx^^^o 'A\zmi (f) izt^-t^o^z. jLy^>^hxs imitmi 
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},zm^^ts^-::^h^\^y hmzm^i^rmm-r^t. m^m^^s imitmi ? 

m2Jit. :^m^7.^^ hju(D3-^(DMmMi^ msoo-^ido onm) om 

10 m^&^^m^wrD±mmm'ez^^-Mzm^^tsGe^j-^±)i'Q'^'DX. 

15 m2{ziit. mmmi. 2mm(Di> m'yji'^:=-'yi^^B^2 i. ^mmz 2. nm 
^Mti (u>*/t^m^) ^mishmvxm^vrcnmt&,mm2 4. Dnm^25. 
^MWj±m2 6, 'iy-j^A^{p^m-^nm^zj^Dmj^-^riK'DDmGemi^^2 

mwimm2 4\z^-5.y'^mm'r^Mnm2 s^m^-^nx^^^o 

20 03 (a) ~ (g) hJVOo-^cDmm^m. (ItlS 0 0-6 0 

Onm) OSJS?^S^Jt^i#^::^I%«m^:>^:i.-;K^m^mtf G a P 

x^-dx. (GaP) mB^^^itt.vxmi'^-^ri^i^\^M 

t«JOGaPV-^"te;i/3 O^igjfif ^if'&COigjfiXg^^-ro ,-^U'j7A'J> (G 

25 e:cDGaPy-^-fe;i/3 :*:l^^x^i^7 h;KD5^co^^^S#JcoiSm?^S^ 

:::^yhf)-^B—m-^mi. Qmm(D\Llj^^m^B^V. :iti^mmit^mm^ 
TtobT, Els (a) IZ^-r^of^mmmi. 2mmmmt(DnmGaFm^ 
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KDTt^^^^ti^y hi^rmmms 2^m^t^o mzm3 u) \z^t^o\z. 

GaP^iS^S lCD^^®fC>'Un>S'fbm3 3 (S i 3 N4) ^J^J^Jcf^o 'A 

\zms (d) ^z^t.k^iz. mmms 2 t^o^mT&mo^^-^jaymitms 3^ 

mz. ms (e) iz^m-r^oiz. (Zn) t^^(DpJ^:^m^^mWiLT x> 

x^$>^m^mm'^t(Dvinm^3 s^mm-r^o mmm3 4tpnm^3 s^m^ 
hrci^. m:m^x!7thrmmLr-yv=i>m{m3 s^^^izm^-r^o mz. 

10 BIS (f) ^z^-tJi^oiz. ±mmizm^^iy^j::i>miitm:^^Bu^^um±m3 6 

^W^l^-r^o 'A\Z. m3 (g) {Zm-f^^lZ. »2p®3 2^@PP{CbTp?^i£m 

m3 A(D^m(D^>b'tLm$m3 2j&ie>n?i^Ga p#ig^3 1 \zmt^um<D^>bn> 
\z. ^^^mz^ti^nm^. y;p-mr>A§ h <h lt^w-t^^-x 

15 Zl>^'fbM^MaL, p?l?GaPS3 4<hnfl^GaP#^^3 KC^^^-^^;/ 

04 (a) ~ (d) ±^%7.^'!7 h)V(D^-^(DmM^m (^5 0 0-8 5 
0 nm) (D^S?^S^Jt^i#-Q±|^Sm^:v=aL— ;i/fc»3AtiG a A s V-^-fe 
;l/TfeoT, mtmi-k(Dl1l]^2^mM (GaAs) #«S^^±^^<hbTMf^$n 
20 ^(at^S^J|;^<7)GaA \ As /G aAs'J-'7-^)VA O^mft^mmXM^^^o 
:^'U'^A« (GaAs) X^>;i/^-;t>H^^^;'7>1.43e VOitJgMf^ 
_hl3CDS i i:GaPiCDrBl©x:t-;i/^-;t>-H^-t^;/7°^W-r 

' mmz. EI4 (a) Cl^fJ;^^;:^ H^^&^'^l. 2mm(OmtmV^0:>nmG a 
25 A s#|g^4 1 ^iSf^-r^c :iCDGaAs#ri;g^4 l^iMSScDGaP^^g^BS 1 

i^©i=ix^ii>fcj;<. /&^-^, ^$?fci:milS^^#^/c5^)*m(Z)^BJ^;0^^B2^#f^m3 

2 8 7 5 7 9^(c43ViTtM^Ufe:^?iT^f^-r^:i<ii^^^T§§c .1©.-^?^JC:*5U 
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5 134 (a) \ZmTmm^(DGaAsmmB4 1^mi^-r^o '^\zm4 (b) \z 
^^^o\Z. nJl^GaAsmig^4 10g®l3p?f GaO.2 A 1 0. 8 AsjB49 

(3 7t^i^¥##) ^mmx\i^^>'^)imxmm}^&^-^^. z.com^s ca 
mm\z GaAsv— x^H-/^>hTfi5^ m^^'PMmu LfcGa mmm ^^\z 

MTn?^GaAs^i^^4 1 ^jt?«L'^B#^imbfctt> ?^*PL^TS®}C p?^ 
10 GaO.2 A10.8 A s g 4 9 ^Xh°:$7c^>>^;i,.^-R$ii§„ GaO.2 A 1 0. 8 A 
s<Dm^f^-&^izmm:^^nmGaAsm'f^^4 imiZ^WcLX. pmGaAsm 
4 4:fymj^-^tl. ilCDGaAs)i4 4(^^®(Cpni^'^4 b-^mf^-^Mo 

mz. 04 (c) iZT^t^oiz. mmiz>'V:::i>m^tm-^^^r^^K^m±m4 

6^f^^b/ttt, njf^G aAsmmm4 l(Dm:m(Dm^^^'&7Kmz:^y hV. * 

15 %mo. 3mmmm<Dmmm4 2^m^'t^o -a^z. m4 (d) {z^-r<koiz. 

mmM4 Z^BmzVXpmG aA 1 AsJg4 9 (CEI^^^®04•'L^^^ SW4 
2 #J;0^ e> n JF^G a A s ^ISb^ 4 1 lr|Sgt^^®(Z)ff ^^^^^t'^tl-^^^nM 
i), y)V^-ryj^:^\^~-/^y]^tLX^^-r^^—7sh^\^yhAt\zm^l's ^« 

20 ^4 6 (jKltl^^JhUi) ^MfflbTpJ^GaA 1 As ji4 9 nJ^GaAsm?^ 
^4 l(^^^^-5^;/^J^Mb/tIE«M4 7 ^M«S4 8;^)^^?l^^$n§o 

7'j:*3> ±l30GaA 1 As/GaA s y-^-fe;i-4 OOMf^CDP:^, pni^'&4 
5^GaA 1 A s ji4 9r*g{Cfi^^b;^cD, GaA 1 AsM4 9 0m^J:fc^^^T 

25 t^Z.t-fy^ihM^o ^7t. GaA 1 As]i4 9^I^ttTtc:, m^OnmCaAs 
m^^4 1 CTMt)§^mbT7}^tJg-&fl^(^P njg'^^J^j^JcbTfe^V^o 

0 5 7 i«^CD S i y-^±:;i/ 1 0 ^IsS^mi^^Jfcm^jiA^fc S i -fe 
;i/f^^>^a.-;i/7 0 (S i;{cI^m?t]l^>'rL-;i/) ^^fo I115~I117(C^^> m^i: 
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mi 0 ox\t.Wci 0 0 ocDS i v-^-te;i/i omK^& 

1 mmnMoMB \zm^y^L-rch<D) m ^x^m^mm u s i y - ^ 
^•fe;pco^Mi 9{cw^^nA>^'#tti» •€-cDy-^"fe;i^Ti/-7 i §i o 

10 ^^f^T^o 5:^cDTk-7 1 ^±)gf:i^F«1RS(^¥tf (cSBHb, 52^©TV— 7 
1 ^TP(-^rBlPg(-TO(::iH«L. ±ScDTl/-7 1 ©r^KcTS^^T W— 7 1^ 

gb. ^#:^MB^7^cj;^i^5cm7 5 (^J^t^. m#C'ttoab^>''Jr3->W) t?^ 

20 tfjfB(7)'&^1tllg7 5 0T®{C^*> MB^:^^X>— h7 6 (ff^O. 2inin@|t) ^ 

Jg^-r^o :ioaBJ,^5Xv-h7 6^^, S i±I^«m^>^^a.-;i/7 OCDti«e^ 

g^M^^^it b/?>^-::3'ftji(7:>:*:l^mm^:5^rL-;i/ <hfg-&T§^®a^¥® <^ bTf 

25 ^W7 SCOnfl^^TM^^bT^^o 1 0:$:©IEMU" Fli7 3 <h 1 0:*:(Dft1S 
U-F^7 4^fflViT, 1 0 OiScDS i y-^-fe;!/! 0 ^ttM^'JiSicf^ilM^'J 
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^)-fe;n¥^:>^^-;n 0 0 c-*:i^s?t^^>^^-;w (His, miimm) 

OV^T«, :*:!^O^HJ#>0^^ffl|5:^^IB4:^IKWO 2 0 0 4/' 0 0 1 8 5 8^t^^\,Z^ 

\zm^i^'r$>^o 

15 ;l'-ecfeoT, Xm%\Z^n^^^^m (*U900~1700 nm) OX^^ h;i' 

\zmmM^-^m.^m^^±'mn.m=^i^=L'-}v (^s^^v^rt-Ji^) c^-^jt*^ i 

nOa AS / I n PTO^7^^>'^-.>'^ 6 0 » 
nff^I nP»1S6 IcD^MiCnJl^I nO. 53G aO. 47A s ® 6 2^xt:^^->^ 

20 0. 53Ga0.47AsB64^?^J5^b, ¥®4:'tO;fc^®(^pnjg'er6 5^fl^)^-r§o ;i 

(Dfet!(f;iP^b*!Sm-^X^(hL-TS 13 N4 ^fflt/^, n ff0 I nO. 53G aO. 47A s H 

ts.^. mml^-X^^f^^^-h^. I nGaAsS6 4O±li;incfc0%x:t-;i/^-;t 

25 fl^^M^l^^iiSfCbTI nGaAsHe 4p^f::pni^^^fl^^bTfe^l^o > 
F'j7S<hbT(5D I nT>m'&m-y^^tL\z^r)^M\z^^^^n^-'^^MM^'-l^^^X 
%nM^^^(0'^m^fr'D t.-mx'^^o ^r^. MIB© I n i:G a (Dm.f^it\t. 
m^lzT^'f^'M.'t^ ^ t.f)^'T:^^. 
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'AiZ. ^^mtf^^pmi nGaAsSe 4 O^StCEl 8 tC^Tcfc -5 tcn— ;i/ 

n^o mmmmommi^ (Ti02 ^Ta2 05 t^j:^) (Dmt 

i^^O I iiG a ASx^ I n P}CJ;^«?^fi:7;t h:^V?r- KOigj^fe^#j/=f:<H 

m) ii^ ^ fcC-SIElS U - K 6 7 a <h AS U - K 6 8 a ^, ^n^^niEmil 6 7 ift 
«ft6 8(c:/\>37^#^tbTj|^M-r'5.o 

15 m 1 0 , m 1 1 :$:J^(D|i)iM^M?t&}C|i^jASn^:*:(^«m^>':i-;i/ 
T$>oT> h;W©'5-^(D^?^:fi^ (|^]3 0 0~6 0 0 nm) 

s P/GaP^®^7t^>^a.-;i/5 O(D¥®0^ llf®IEl"rfe§o 

20 AsO.l P0.9 2^?i^^f§o ^KDm^CD:^-^, G a A s P J*X:t-;i/^-;t 
>' H^-\' yy'mm. 21 e VOPslj^^iS^^^f^T^^o J:^(::G a A s FIB 5 2 (D 
±;0^e>p5#^|ifitlT^§Mi^^i!SftbTpff^GaAsO. 1 P 0. 9 « 5 4 
:i(^GaAs Pji5 A^\Zi>n^%^ S^^l^^f^o EI*bTVi/^5:V^;5tn?^G a 
' As PUS 2(DMmnm\Z.^^'^7s^S is N4 m^f^ttTMI&KSt^tf/"cS:V\ 

25 :/w-±?#pnjg^^ff^^-r^o F (l 

pJI^GaAs Pli5 4<hn?^GaP«1S5 1 j^Mt"^ 
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Itl5^±m5 e^^tt^o fc£43. tutBcDp?^GaAs Pli5 4ti, GaAsP/G 
5 aP¥®S7^^v'^-^^5 OO^^^Mii^cKD, lti!iC^±l^m?fi.3 0 0 (1111 7 
(Dm^lM. GaAs P/GaP¥®S7fe^i^3.— ;i/5 O^^ML-feftV^ 

:;^^AIt"r^o mmzm?^y^iyrci^)-]^M m%o. imm) ^fflv^T 

iEMMB 7 tMnms 8 (Dmt^iZlEmV - 5 ? aiitSU-FilSS 8 a§ 
10 ^.^A>:$''#ttbT«me^tCj^,1tb> ^ne)U- H1^5 7 a, 5 8a^^©¥® 

11112. EI13«, Ga P-tr;H¥^>^^-;l/9 0 <h, GaAlAs/GaAs 
-fe;m:Ec;^^_;i^ 1 0 0 <h> S i v'zl— Jl/ 7 0 InGaAs/In 

t^«^^^itO;fe|^ttm^>?a.-;i/9 0, 1 0 0, 7 0, 6 0 i^iSM^i^ 
20 T$.§o lai 45&^^fe^/5>^^J:-5lc, :*:l^«m^>^^-;i/9 0. 1 0 0, 7 0, 

6 o(Dmm^kmwmz^n^^'\j''i^-&^t. ^>'zl-)19 o(D^'b^^^& m4 5 0 

nm) <^z^:i-)Vl 0 0(D^>bm^ m7 0 0 nm) <'Ei^^-Jl7 0(D^>L^ 
(ms 0 0 nm) <^>'^-;i/6 0(D4'^iL>?^S (Itl 1 3 0 0 nm) , <Z)M# 
' lcfj:oTV^Oo ^(DTzib. ftTSl:r^'fbT.)l/^ ASM 2 0 l^lBgb, -^co 
25 ±\Z. mm'^mmm2 O 2 F^^cm^ji/u/'c I n G a a s / I n P¥[gS^^>^:i 
— ;i/6 0. S ;i/7 0, GaA 1 As./■GaAsi^;l/#^>^a.— 

;H 0 0, GaP-kJl/l^^v'^-.^l/Q OOMlc^SbT^H^/^cC^^^Tj^^b^ 

myt^^^'r^^ytm^mm-t^m±m\zmmio^y:^:^/'<~2 0 s^s^tm 
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^>^3.-;W6 0(7)IEft11U-F^6 7 a, 6 8 a, =e-Ja.—)V7 0(DlEMWJ 

— HIi 7 3 , 7 4, ^z^zL—)V 100 (DIEMU U - HIi 1 0 3 , 1 0 4 > ^>"i 

5 •^n(D^i^'^-.)V7 0, 1 0 0, 9 0 OitM^mMllIi?^ 7 5 , 1 0 5, 9 5 (ID 

01 4j*, jkm^T.^^ hJWMJrmm'cn^nrcxm^x^i' hJit. mmm 
±mmm2oo(D^ytmm^m mm) t^m^mf^-t^v-^-^ji^s o, 40, 

10 mi 4{c:feViT> :*:l#7tx^^ h;i^ililiM»m?tb,2 0 0 co^^^^m#'l4o 
^M^Mox^i^ hJUU^it. ^(D:kmnn.2 0 o^jSiiLTL^-5x^^;m^- 

^i^zL-)i9o, 1 0 0, 7 0, 6 ©(D^-Jr^jfiTfi, mmm.mwmmwz 

Ell 5(t. mmm±mnm2 0 oizmi^^xMytom^t^m^o^^t. ^ 
' ^Tcm^mrnxov -y'iDi^s 0, 4 0, 10 mE.^'^/vrc^mnm2 000^ 

25 ^^^^^-^^o 

•ir-x 1 : 2 0 3 \zmmzA%^i'rc±mm^^^±(D^'^- 

3 0, 4 0. 1 0 t'E-yn.—JV 6 0 ^SitlCiitf f ^Jl'&o 
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5 (DmiZV-^±JV3 0, 4 0, 1 0 t=E-J^-JV6 OlZ^^W^tl^o xMm 
$tl'5f!i'ar;J)^YaM-r-g>o i^M^fi^WSfeS^'U nGaAS/ I nPTO^T^ 

15 s./ I n PTOS^^v'^-JUe o:;&^^ig^{;i^^!/^3tex^^;w4^-^m^-r^co^ 
la^iht-, TOS5tt~:^rL-;i/6 ooMS±#5j>^^»J$n, ^cDWM4;0^^i^±-r^o 

"^t>:^7t^ML'> ^^^^-r^/ts?!), y-^iz:;HOO, 7 0CD?ait±#fe 

20 ^t^^S^^I;^cDy-^-fe;l4'43V>T«^ ^cDy-^ir^P^^^^^ilf 

-^'tjV(D'^>\j^izM^xRMm\zhm—o:>vnm^'fy^^^rz.^. mm&^^i^p^ 

25 El 1 5 ic^-rJ;^^::, Woy-^-fe;i/3 0, 4 0, i o o^®TjKit$n;^c 

mm<D'j-'^'\iMzxMhT^(Dytmmmz)t^\^xmi\^. Mj^-^^m^^o 

h 9 6, 1 0 6, 7 6(CckoTfe^D^o ^i^o.-;!/ 9 0 , 1 0 0. 
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f)^f£w-y±)i<DTm (^^mti^nm) \zhm^xMv. 'j-y^)v±i^(D 

10 ^m^hmw-T!^^. 

mi 6«, tf)fB(D^^g|?^®|«(D#L't/^^>?n.-;i'9 0, 1 0 0. 7 0, 6 0. 
^ltJib/ttuSBcD|ijSM:fcl^«m2 0 0lC43(/^T> ^V^-;W9 0, 1 0 0, 7 

15 0,6 0 ^mMW^'t^w^mmm^2 o^t.. o o (Drnti^mj^i^: 

f'^ck^t::, ^^v^-^WO 0, 1 0 0. 7 0{^:feViTit^(DV'-^-fe:;i/3 0, 

4 0, 10 •^m.M.m^m.'^ ^mM.u^^'^^\^wm^ 95, 105, 75 o—m^ 
T^t. ummmm^^ 105, 7 s^*, ^v^-;i'9 0, 10 

0, 7 0 (DrntiMMf)^. ^n^en. m;'3ii?»«'fe/h$vi^>^j.-;w6 oota:^ 
20 nMhm\^<fx.^i:.^\zm^^n. mMnmmm^^ ^, 105, 7 5«tf)tajE 

^11U"FI$9 3, 95, 103, 104, 73. 74> 67a, 6 8 a 

I nGaAs./I n P^MS^^v^:!-.^!^ 6 0 CD«;^l±l:^tt^^ I inbrc^-^ 
' IC, G a P-fe.il/lf^v':!— ;V9 0 O^^PcDV — ^"t;!/ 3 0 ^M^J^I^Mbfc^'^O 
25 *:;«cm:;^«^Sr2 I , G a A l A s /G a A s ir.W^:va.";H 0 0 ©^giJ© 
y-^-fe;i/4 0 ^3lfe-^iJigJi^bfc*f'&(D«;>cm;^«»f£^ 3 I , S i -fe.Jl/f^^v'a.- 

;i/7 0(D^g|5cDy-^-fe;n o^M^J^?^bfc*i'&(D*:;'!:tB;':m^^4 i hm.'^ 
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mi Q iz^'t^ o ^c, 9 0 -nnmMsmmm^ 9 5 (Dm.nm^Wi^ 

2 \zM'^^t\\-m-nmim i h.ts.'^. ^>'i-;i' 100 T^ittM^j^^^tus^ 1 0 

5 ^:>^zi.-;P9 0, 10 0, 7 Oc^m;ti«^^:^'^^^n^^ni <i:^=i:D, ^>'aL-;P6 0 
(D^tim%\ t.^^<U^. Z.(D^O\Z.. ^>^^-;V9 0. 1 0 0, 7 0, 6 0 

(D^timw^m^'\^u^^':>\z.mm'^h. loo, 7 0«s 

WiZ.. ^^mzmmt^^^ liiac7)y-^-t:;i/3 o, 4 0, loo«^m;t;« 

10 ?I^^.^i30> 140, i 10<hL., IM^(Dy-^-fe;i/3 0, 4 0, 1 0 ©MMSiu 
^^^-^rNSO, N40. NlOdiL-, ^>':i-;i- 6 0 CDtB:^«»f£ I (^T-So 

i30XN30= i40XN40= i 10XN10= I (D^m'^\t^-^rt^^o\zM.n^ 
M^^IS^f^^, ^i^^L-.'Ug 0, 1 0 0, 7 0, <6 Qi (Dd^-tinWfiWi^n'O 

15 l^CDV-^-fe;i/3 0, 4 0, 1 0(DS:^ta;^jmH^^-^ v30x v40, v 

10<i:b, ii^(Z)V-^-k;l'3 0, 4 0, 1 0 ®ii:^Ji^«^*^ M30, M40> M 
lOtb. ^v3.-;i'6 ocDm:^«flE^v60i:*r^<^:x ltjiM:*:l^«?ta 2 0 0 (Dffl 
:timjEVJl. V= (V30XM30) + (V40XM40) + (vlOXMlO) +v60 

20 J:(DJ:5lC^g»M±l^mm2 0 0^^^-r^ltiC(^^>'::i--^^9 0, 1 0 0, 

7 0, 6 0(^43V^TV-^-t:;i-^ltM^'Mli-r^M?'Jici:[t'^iJit^P«-r^:ii 
^jiM:;^l^mm2 0 0^#(Dm::^ ^«;*s:ib-r^:i<ii^^'"r-^^o 

^(D^'DtrnM^mmm^'^ 5, 105, 7 5j±, y-^-feji/Twcoi^-^t? 

1 0 5, 7 5^^D#A, ii:?yigM^<hM^'JJg^ic^^;l^cfc5lctMbTfeJ; 

Vi„ ^^v':i-;i/9 0, 1 0 0, 7 0 JC*BV^T> ?SiC(Dy — ^i^.)V§M^J»b 
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5 ^±mmiyrcmmm^mmm2 o o\z^\y^x\t. t)m=Ei^a.'-.)V9 0,10 

m^^A^i^izmf^'^'b^-R^M^^hoi^^xm^oxHimzitm-t^.i:^ izn^ 
mvTco-v. mi)^^^^^M(DmMmz^iyi^^mt±m\z:iQh^xm'^^. ftv^i^^s 
(Dmm^izmn^Mt-rmiz^^^Tm.i\z-^'it^:it:^^x^^rcib. :^mnm2 0 

±Mo3a(c:-fe;n^^:>':i^;i'9 0, 100, 7 o^iia^jA^, ST»{-¥® 

^^^>':x-;i/6 0 ^|I^^3A^fcYc5&> ^®^^^i^3.-;i/6 OTMltbl^cRM 
tv^^-;l/9 0, 100, 7 0-t:)t«^J^U-^TV^ 1100 nmJ£^TcD?^S 
m^^^^±XmP\X^^c -fe;i/||^i^:x-;V9 0, 1 0 0, 7 0(D#^?«, 

©TfJJo^v^.— 0 0 , 7 0, 6 o\zMi^xy-( Ji'^—ti^T^'B'f^TcL 

mi 4:\Zm-t^o\Z. ^z^=L—}l9 0, 1 0 0, 7 0, 6 0 CD^ig?S;S^^^)t 

20 mizmMi^TzTcib. ±myt7.^^ h)V0fK^m(Dyt^^n^m\zm'r^^t-^^'^ 
mttji^. z.(Dxmm^ 200 (D^mmmMm-^ 5 0 ,9oii^±^TiS56#^ 

vf)^^. mi Q\z7^-r^^\z. ^z^=L—ji9o, 100, 7 o(D#'^(7)m;'j« 

25 5, 7 5 m^n^rz^. xmm^^2 0 ocD^mmt'^^^'^^zmm-^^^ ytmmm: 

M\z. ^>^^-;k9 0, 1 0 0, 7 oi;:ia^5^jit?y-7-fe;i/3 0, 40, 10 
\zit. KMm±m3 6, 4 6, 1 7mm^ti^rzibs tjv^Mmm:!^ 
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^i^a.-.)l^9 0, 1 0 0, 7 0\Z^^^XU. V-^-fe;V3 0,, 4 0, 1 0^2 

m\zumi^^ ¥miTfe#ii®mTfe> v-^-fe;i/3o, 4 0, lo^mzmmv 

10 

$e>(c, $^>>^:x-;i'9 0. 1 0 0. 7 o(cia^3Atry-^-fe;i/3 0, 4 0, 

15 3 0 0 \zmm Lr^'ei^=i.-)i^<Dmm\^:'^mnm2 o o (D^i^::L-)i't-m^f^^ 
x^^^yf)^. ±^nm2 0 0 tmm(Dmm.x^^(Dxmmzm^n•r^o 

017.E!18tt> GaAs P/''GaP¥®^7^^v=:2.-;i/5 0i:> GaAl 
As..'^GaAs-fe;m^>?3.-;i/l 0 0 ch^ S Hr;i^f^*>':x-;i/ 7 0 i:, Ge 
•fe;V^^i^3.-;i'8 0 (D4®^<D4^(D±|^mm^:>'a.-;miJ?gbfc:^)B^± 
20 mnn. 3 0 0 (Dif®ElTa5^o 

^^^i#^i=:i^mm^v^-;w5 0, 1 0 0, 7 0, 8 o^.mmmm^mz^ 
n^^>\j^mmm^^'ez^=L-M^E±^^<DAmm\z^mr^j^o\zmmvx$> 

' mi Q^^^'h'^^^^^^^^^ :*:l^m^s^n.-;w5 0, lOO. 7 0, so 

25 <Dmm^^^mz^\<-f^^>b'^^m\t. =Ei^^-)V5 0©4'^L^?« (^4 5 0 nm 
) <^z^a.—)ll 0 0(D^>bt^^ {m7 0 0 nm) <^v:i-;i/7 ©(Z^^^'L^^^S 
0 0 nm) <^>':i-)V8 0(Dfp'\j>m& (It) 1 2 0 0 nm) , (Om^^Zt^ 

oTVi^o ^(Z)fcJ6> m.Tm\zmtrjv^:=-'y^^usoi^mmi^. ^(DJt\z 
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GetJVm'Ez^^z^-JlS 0. S i -kjHl^v^^-;!/ 7 0 , GaAlAs/GaA 
s -fe:.;i/|¥^>^rL— ;i/ 10 0, G a A s P ./G a F^m^yt'E> a.—JV 5 0 OM^Z 

5 ^>':x-;i'8 0C7)IEft@U-F^8 3. 8 4 , .^1/ 7 0 ©jE:feffiU - H 

rlt7 3, 7 4> 0 0(DIE:^1i'J-H5^1 0 3. 1 0 4. 

5 OCDIE^MU- HM^5 7 a, 5 8 t>^rL-;i/®^g|5^TMLK\ 

7te;^>^^^C0TO^>'^:i— ;H 0 0®GaA 1 As /GaAs y — 5'ir;i/4 0 Tt^* 
^^$n> CCD^v'^-;!/! 0 0^Mbfe»^'^OT(^^>^:i-;i'7 0(DS i 

Gey— ■^-fe;i/2 0T>^®^it$n^= 

15 Gey-^-fe;i/2 0(DT(C«. T;U^n'^A;KI=ifili3 0 2 ^a— T-^ >:i7'L7t 

1^1-^3 0 2^s, Jlg|5©y-^^r;m^®o^^tfc^•^t^^'3--;I/F*^lg|5TJKttL';^c 

6-^:>^:i— ;n 0 0, 7 0, 8 0 ©y — ^-k;i/4 0 , 1 0, 2 0 rBitrfi, m 1 
20 5\zm-^^^^xmmvrztmm^zyt(D^H. mm^^i^^ ^j-^^jiormizhx 

MLxytmrnmizm^n^o mi 6\zm':^'^^xm^^vrc<Dt.mmz. 

1 0 0, 7 0, 8 Q(DmtJWM^'ez^^-)VS 0(D{i^tintM.t^^mL<ir^rc 

^\z. ^n^n(D'j~~^±)i4o, 10, 2 o<DmtiW'\±\zmi:^x^'e>=L-.)v 
' 1 0 0, 7 0, 8 ocDm.nummm^^izm'f^mmf^w.mmm^tmm^mm. 

25 ;^>^^IS^$n§o 

J!^A±iJ&B^bfc^]BM±l^«?ife3 0 0 (c:cfeV^Tfe^ S2^6iJ{^±|^mm2 0 0 <hiw| 

moimm^m^Bti^^^. ±mnm2 o o^:M;^cj:^;^^c^viTffi¥fc^Bj"r^o 
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a.-;i/5 o^w?i?§fflbT, mmm±mnms o o^m^.-r^z.t-^^'v^^o 

1112 0, IEI2 1 (C^Tcfc^fC, ;i®ltMM;*:l^«ft^4 0 OJS, R«^;^<Z)2ffiM 
(D;JcM?lfi^>?a.— ;i/4 1 0. 4 2 0 m^m\z.m 

0 3 {CtM$-&^li^#:^^#:t-±l^«m4 0 0'A^^m^^^XXmnm4 0 0^ 

^^SP'T § J; 5 o T I ^ ^ o 
i^#Jco:*:l^m?&^s^3.— ;U4 i o m^omBOG e v—^t)l2 o ^11^ 

20 tuf3CDGe-lz;H^^-:^3.-;i/8 O^R^J^(::ii^bfct)©i|W!it©fe©TS^c 
mM(D±mm^'B>^zL-)\y4 2 0 f^, liicOtuSB^G a A 1 A s /G a A s V- 
7-te;l/4 0 ^^tmfmW^-^?'J^i±TR^?l^lCli^bfcG a A I A s ./^G a A 
s±}V^'Ez^a.'-)W^^o Cin^A, HutBOGaA 1 A s/Ga As'fe;i'f^^i^ 

25 #^>?aL-.;i/4 10, 4 2 OlZ^^^Xs #y "^-ir;i/T W-©jEftSU — HII 
4 0 4. 4 0 5f)^'e-Ja.—.)V4 1 0,4 2 0 (DMi^S:^)^ S^^P^^tiJ bTV^;g):0^\ 
^V-^-fe^UTU— V-^-fe;W2 0, 8 0 <DiEM<Dnm^i^^<Uf)^:k:myt(D 
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-;i/4 1 0, 4 2 0 (Diatimm^^^vK tji^^o izm^^^\Wi^m^i)mf^^n. 

;fel^«?ifc^>"^-;i^4 10, 4 2 0 ^M^iJit^^nxVi^o 
a A 1 As /GaAsir;i-'S¥^:>'^-;i-4 2 0 ;0^^^#JtC|e«^nTVi^c 

:i<Dmmm±mnm4 o oj*i:i^mmt5^3.-;i/4 1 o, 42 o^mmi^r^2 

:i(Dmmm-v\t. 2mmm(DX^mm^m\zL-xmmLrcf}^. 3mm&.± 
(Dmm(D±mmm'ez^::L-)i^m't-}H^x\zmMi'rzsmmm.. 4mmM^ ss 

20 mz. ^mcDmmin^w^mz^-mvrc^^mmz'Di^^xm.m't^o 

1 ] mmm±mnm\zm.^iht^xmnm'ei^'a.-)v<Dm$mt. 2 mmxh^< , 

' i@Mo±i^«-?M>'i-;i/^*¥®^^^>'^--^i''^?li^t-^^^50^^M*bVio 
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u-^A (GaN) mis^^^^b^m (s i c) w^^tsiEo^^^m^mLxm 

n -Yim^it^m^^i^ mXU. ZnO, Cd-TetaE) . VI Mytm ( S , 
20 Se, Tefj^E) ^^tsil)\^::if-r'ih<t^m^mi^ m^^t. CuInGaS 

e2 ) ^umizvxmmi'X^^^^^ 
4] mmmx^mm\zm^&mm(D±mnm'^i^::L'-jv^^x±.)m'ei^zL 

25 5] MlBaB^.tf^X.t//t-7 6^^^t;T;PS-«:i7AS1S2 0 1, 3 0 iT'cCifO 

6 3 BufB^>^^-;i/ 70, 80, 90, 100 commr<^'tf^mm 1 5 of^^ d 
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7] MIB^i^rL-;i/7 0. 8 0, 9 0, 1 0 0 F*Og|50D7^jlM^fcMBJTEtlf 
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m ^ <D m m 

mm $ nrcm^mm(Dxmnm'e>' ^ w b > 
10 z.t^Wi^t.r^mmmx^nmo 

Mo 

mommmxmnm. 
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mm±mnm.o 

10 M;fel^®?to 

mizmmommmxmmmo 

1 1. i^m^(DXM:^mz^^^xmhxMm\zh^±mwj^'^>':x-)\^o:>±m 
izmmtji^'^T.xu^f^mm'^^^rj^^mmummm'^nrcz.t^mwLt.'r^m 
20 7 \zmm(Dmmm±mmmo 
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3 m\z.mmommm±mmmo 

1 3 . ntm^m^^'^i^^-M^. I nF^mi^^m±\zm}^l'rc I n G 
m 1 ~^3 CD-ti^H^^i-^a.— ;i/^WL ^ 

15. mB^m^^=ti^'=L-mt. nJ#GaP###:«1S±^cff^^b7cGaA 

mommmi 4m\zmm.(Dmmmxmnmo 

)V(Dmz. 1 xmn^o^jim'tz^ :^-j\^mM.^72^^nr^^ t^wmtT^m^ 
(Dmmm 2 miztm(Dmmm±i^nm<. 

z.n^±mmm'Ei:^zL-)i^f)m'L-\^mzmm^nrc^t^m'^t:'t^mi^mm 
im^zmm(Dmmm±mmmo 
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